Abstract. Allogeneic bone marrow mesenchymal stem cell (BMSC) transplantation has been investigated worldwide. However, few reports have addressed the survival status of human BMSCs in the intervertebral discs (IVDs) in vivo following transplantation. The current study aimed to observe the survival status of human BMSCs in rabbit IVDs. The IVDs of 15 New Zealand white rabbits were divided into three groups: Punctured blank control group (L1-2); punctured physiological saline control group (L2-3); and punctured human BMSCs transfected with green fluorescent protein (GFP) group (L3-4, L4-5 and L5-6). One, 2, 4, 6 and 8 weeks after transplantation the IVDs were removed and a fluorescence microscope was used to observe the density of GFP-positive human BMSCs. The results indicated that in the sections of specimens removed at 1, 2, 4, 6 and 8 weeks post-transplantation, no GFP-positive cells were observed in the control groups, whereas GFP-positive cells were apparent in the nucleus pulposus at all periods in the GFP-labeled human BMSCs group, and the cell density at 6 and 8 weeks was significantly less than that at 1, 2 and 4 weeks post-transplantation (P<0.001). Thus, it was identified that human BMSCs were able to survive in the rabbit IVDs for 8 weeks.
Introduction
Approximately 80% of the aging population suffers from lower back pain (LBP) in their lifetime (1) (2) (3) . It markedly affects the quality of life and work productivity, and significantly impacts health care spending (4) . Intervertebral disc degeneration (IDD) is a common degenerative physiological process with normal aging, which has been established as a causal factor with LBP (5, 6) . Degenerative disorders of intervertebral discs (IVDs) are generally characterized by disequilibrium between extracellular matrix repair and degradative processes, including morphological and cellular changes (7) (8) (9) (10) (11) .
A solution to managing disc degeneration would be to repair the IVDs, producing a matrix with similar or improved biological and biomechanical properties compared with the original (12) . With this aim, cell transplantation has been widely investigated as an effective approach (12) (13) (14) , including bone marrow mesenchymal stem cell (BMSC) transplantation. Using this method, BMSCs are transplanted into IVDs to replenish the matrix-producing cells, compensating for the decrease in matrix components. Thus far, the majority of studies focus on allogeneic BMSC transplantation in IVDs to observe the regeneration effect (15) (16) (17) (18) . However, there have been few reports regarding the survival status of human BMSCs in the IVDs post-transplantation in vivo. The current study was designed to observe the survival status of human BMSCs following transplantation into rabbit IVDs, providing an experimental basis for further investigation of disc degeneration treatment.
Materials and methods

Animals and BMSCs.
Fifteen New Zealand white rabbits [Animal Husbandry and Veterinary Bureau, Shandong Academy of Agricultural sciences; permission no. SCXK (Lu) 20040013], aged 6-months and of either gender (weight, 2.0-3.0 kg) were used in the study. The rabbits were maintained apart at room temperature with 16:8 h light and dark cycles, and were fed with rabbit feed (Qingdao Kangda Foodstuffs Co., Ltd., Qingdao, China). All animals were raised, and procedures were performed, in strict accordance with Animal Ethical Standards, and the study was approved by the Ethics Committee of the Affiliated Hospital of Qingdao University (Qingdao, China). The IVDs of these rabbits were divided into three groups: Punctured blank control group (L1-2), punctured physiological saline (PS) control group (L2-3) and punctured human BMSCs transfected with green fluorescent protein (GFP) group (L3-4, L4-5 and L5-6).
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Preparation of GFP-labeled human BMSC suspension.
Frozen GFP-labeled human BMSCs were thawed and cultured in a 25 cm 2 culture flask with complete medium. After overspreading the bottom of the flask, cells were trypsinized, centrifuged at 520 x g for 5 min at room temperature and suspended in normal saline at a final concentration of 1x10 6 cells/ml and prepared for transplantation.
Transplantation of GFP-labeled human BMSCs.
After tranquilizing the rabbits by intramuscular injection of ketamine hydrochloride (40 mg/kg; Selleck Chemicals, Houston, TX, USA) and xylazine (2.5 mg/kg; Selleck Chemicals), 25 µl GFP-labeled human BMSC suspension was injected into the L3-L4, L4-L5, L5-L6 discs of the rabbits using a posterolateral approach with a 29-gauge needle on a 100 µl microinjector. The same method was used to inject the equivalent PS into the L2-3 discs. Following the surgical procedure, 20 units benzylpenicillin sodium and 0.25 mg streptomycin were administered by injection to prevent infection.
Evaluation of the survival of BMSCs. The rabbits were sacrificed by ear vein air injection at 1, 2, 4, 6 and 8 weeks post-treatment (n=3 per time-point). Their spines were harvested and the discs were isolated. The specimens were frozen in liquid nitrogen immediately after harvest and cryosectioned axially at 6 µm. A fluorescence microscope was used to observe the cell density in the different groups.
To compare the ralative cell density, cells in five sections crossing the center of the discs per group were counted using x200 magnification images. 
Results
General status of laboratory animals. Prior to transplantation, two rabbits succumbed due to environment inadaptation and were substituted with two different rabbits. There were no complications or mortalities during and after transplantation. After the specimens were harvested, no significant changes were observed macroscopically and, microscopically, no vascularization or inflammation was apparent in the nucleus pulposus (NP).
Survival status of human BMSCs at different periods post-transplantation.
No GFP-positive cells were detected in the blank and PS control groups, whereas GFP-positive cells were observed in the NP at all periods post-transplantation in the BMSCs group, demonstrating the survival of the transplanted BMSCs (Fig. 1) . In the BMSCs group, a mean of 11, 10, 11, 2 and 1 GFP-positive cells was detected in one section at 1, 2, 4, 6 and 8 weeks post-transplantation. Significant differences were identified between the cell densities at different periods (H=28.27; P<0.001). The cell density at 6 and 8 weeks was significantly less than that at 1, 2 and 4 weeks post-transplantation (H=16.50-24.44; P<0.001) and no statistical differences were observed between the cell density counted at 1, 2, 4, 6 and 8 weeks post-transplantation (H=2.06-5.44; P>0.05).
Discussion
More than 20% of all LBP originates from degenerative changes in IVDs, leading to a gradual process of cellular loss and degradation of the extracellular matrix within the IVDs (19) . While the pathology of IDD is not fully understood, insufficient nutritional supply to the disc has been proposed as a possible initiator (20) . As the largest avascular organs in humans, IVDs obtain nutrition from adjacent vertebral bodies by diffusion through the annulus fibrosus (AF) and endplate. Among these nutritional routes, the endplate pathway has been identified to be more significant than the other AF signaling pathways (21) . In cases with loss of endplate permeability and/or disruptions therein, as well as changes in geometry and fall in diffusivity associated with fluid expression, the nutrient concentrations could fall to levels inadequate to maintain cellular activity or viability, thus initiating or accelerating disc degeneration (22) .
Current treatments for degenerative disc disease including conservative treatment (medications and physiotherapy) and surgical treatment (spinal fusion or total disc replacement) may alleviate pain, but fail to address the underlying issue and often result in reoccurrence in the same or adjacent discs (23) . Particularly in treatment with spinal fusion, it accelerates the degeneration of adjacent IVDs and the severity of adjacent segment degeneration increases with the fused segment numbers (24) . Cell-based tissue engineering, which aims to restore IVD structure and function, represents a promising approach for IVD repair or regeneration.
Since NP cells possess a chondrocyte-like phenotype (25), MSCs, which were capable of differentiating into a chondrocyte-like phenotype following appropriate stimulation (12, 26) , have shown promise as suitable seed cells to be widely applied for IVD regeneration (27) (28) (29) . In addition, MSCs have the advantage of easy availability and proliferative ability, better potential in producing matrix (mainly comprising type II collagen and proteoglycan) and low immunogenicity (29) (30) (31) (32) . BMSCs, as the most focused seed cells, have been demonstrated as effective in decelerating disc degeneration in experimental models by autologous transplantation (29) and allogeneic BMSC transplantation has also become a focus of investigation worldwide (15) (16) (17) (18) .
Among research investigating allogeneic BMSC transplantation, there are few studies regarding human BMSCs. In the current study, a GFP gene was used as a marker to observe the survival status of human BMSCs in rabbit IVDs following transplantation. The results indicate that human BMSCs may survive in rabbits for 8 weeks, but the cell density decreased significantly from 6 to 8 weeks. Rather than applying scaffolds, direct injection avoids the underlying influence on the microenvironment within IVDs. Furthermore, no vascularization and inflammation was identified in the NP, which implies little interference of surgical procedures and low immunogenicity of human BMSCs. In the GFP-labeled human BMSCs group, the density of GFP-positive cells marginally decreased at 2 weeks and significantly decreased after 6 weeks post-transplantation, which may be due to various reasons, including inadaptation to the IVD microenvironment, insufficient nutrients for cell survival and cell migration to the outer NP.
In conclusion, the present study observed the survival status of human BMSCs in rabbit IVDs and demonstrated that the cells were able to survive during 8 weeks of transplantation. The finding provides fundamental information for tissue engineering repair used to decelerate the degeneration of discs. The status of the cells 8 weeks post-transplantation, such as their ability to survive, proliferate and differentiate, requires further investigation.
